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I i n t r o d u c t i o n 
D i f f e r e n t i a l thermal a n a l y s i s has heen used as both an a n a l y t -
i c a l and b a s i c r e s e a r c h t o o l . I t has found i t s v/ay i n t o the l a b o r -
a t o r i e s of a wide v a r i e t y of chemists. I t has found use i n the 
c h a r a c t e r i z a t i o n and i d e n t i f i c a t i o n of compounds.. P h y s i c a l chem-
i s t s have used i t to deterrMne the heat of f u s i o n , sublimation, 
v a p o r i z i a t i o n , and deljydration and other a p p l i c a t i o n s i n micro-
c a l o r i m e t r y . The polymer i n d u s t r y makes ext e n s i v e use of i t s 
dynasiic p r o p e r t i e s since i t can d u p l i c a t e the c u r i n g process of a 
polymer and i n d i c a t e the c r u c i a l p o i n t s . The thermal h i s t o r y of a 
poljsmer i s a major contriTnitor to the p r o p e r t i e s of the poljrmer and 
must he regulated when a p a r t i c u l a r polymer piroduct i s being 
produced. D i f f e r e n t i a l thermal a n a l y s i s can a l s o then he used i n 
the q u a l i t y c o n t r o l of polymer product?. The pharmaceutical 
iudustrj/" makes use of i t i n r e a c t i v i t y , p u r i t y , and s t a b i l i t y t e s t s 
of t h e i r products and i t bias even heen used i n the f o r e n s i c sciences 
Commercial d i f f e r e n t i a l thermal a n a l y s i s instruments are 
a v a i l a b l e from s e v e r a l instrument companies ( w i t h the cost of coarse 
p r o p o r t i o n a l to M e i r degree of s o p h i s t i c a t i o n ) , hut i t i s conven-
i e n t to he able to b u i l d a r e l a t i v e l y i n e x p e n s i v e , . y e t v e r s a t i l e 
instrixment widch can e a s i l y he modified and adapted to many a p p l i -
c a t i o n s . 
•2. 
I I Background 
D i f f e r e n t i a l Thermal A n a l y s i s (DTA) i s a process by v/hich the 
temperature dif-""erences hetv/een a sample and r e f e r e n c e are measured 
as they are heated a t a u:̂  i f orm r a t e . T h i s temperature d i f f e r e n c e 
i s measured by thermocouples or t h e r m i s t o r s and the r e f e r e n c e mat-
e r i a l i s ceo sen such t h a t i t w i l j . not undergo any p h y s i c a l or cliem-
i c a l t r a n s i t i o n s w h i l e i t i s being, heated i n the temperature region 
i n which the sample i s being st u d i e d . 
The block diagram s c h e m t i c of tlie DTA used i n t h i s i n v e s t i g a -
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The sample and r e f e r e n c e thermocouples are placed i n d i r e c t contact 
w i t h the sample and r e f e r e n c e m a t e r i a l which are contained i n simple 
melting point c a p i l l a r y tubes. For small sample s i z e s w i t h d i r e c t 
thermp-couple - contact peak temperature does not change w i t h heating 
r a t e . A f a s t e r h e a t i n g r a t e r e q u i r e s a steeper temperature gradient 
which s e t s up l a r g e r temperature d i f f e r e n t i a l s and i n c r e a s e s s e n s i -
t i v i t y . The l a r g e r temperature d i f f e r e n t i a l s , however, r e q u i r e a 
wider tempee-ature reglor i n the DTA curve to decay a f t e r t r a n s i t i o n 
i n the sample which r e s u l t s i n l o s s of r e s o l u t i o n . P l o t t i n g the 
d i f f e r e n t i a l temperature as a fu:-;ction of r e f e r e n c e temperature 
r e s u l t s i n an i n c r e a s e of the peak area w i t h i n c r e a s e d r a t e of 
temperature change; p l o t t i n g the d i f f e r e n t i a l temperature as a 
f u n c t i o n of time keeps the peak are a almost constant v/ith r a t e .of 
An 
ternperati-re change.. Peak temperature should he measured v e r s u s the 
sample t e m p e r a t u r e o t h e r w i s e the t r u e temnerature of the t r a n s i t i o n 
must he ca.lculated from the measured d i f f e r e n t i a l temperature which 
i n many cases remains u n c a l i o r a t e d . 
Thermocouple placement must he r e p r o d u c i p l i w i t h i n the sample 
c e l l . Thermocouple s i z e a l s o has two e f f e c t s , f i r s t i t c o n t r i b u t e s 
to the heat c a p a c i t y of the sample, and secondly i t may coriduct heat 
i n t o or out of the sample through i t s v/ires. T i g h t e r sample packing 
i n c r e a s e s the heat conduction and g e n e r a l l y i n c r e a s e s the reproduc-
i b i l i t y . Loose packing may cause drav/n out peaks because of t^ie 
l a r g e r teaperature l a g . The advantages of melting point c a p i l l a r i e s 
f o r ser^ple c e l l s are the small sample s i z e and the n e g l i g a b l e temp-
erat u r e g r a d i e n t s i n the sample. 
The mathematical treatment of DTA without a temperature grad-
i e n t Piakes the f o l l o w i n g assumptions:"" 
( a ) heat conduction and heat c a p a c i t y of thermocouples are 
neglected. 
(b) contacts between sample and bolder, holder and furnace 
are constant. 
( c ) sample and r e f e r e n c e packing are always homogenous and 
i t s e f f e c t i n c l u d e d i n the heat c o n d u c t i v i t y 
(d) s p e c i f i c heat, d e n s i t y and heat c o n d u c t i v i t y of sample 
and r e f e r e n c e s are assumed constant excc:;pt f o r t r a n s i t i o n s . 
( e ) heat t r a n s f e r hy other than conduction mechanisms i s not 
considered. 
Heat flow i n t o the sample dQ/dt i s 
where K i s the geometry-dependent thermal c o n d u c t i v i t y of the 
thermal r e s i s t a n c e l a y e r around the sample (assumed ter'iperature 
independent), Z.^ i s the hlock teipperature and T i s the sample temp-
e r a t u r e . Changes of K over l a r g e temperature i n t e r v a l s are c o r r e c t -
ed by c a l i b r a t i o n . The s i m i l a r equation f o r the r e f e r e n c e i s 
4 
The block temperature i s changing ah a constant r a t e 
( 2 ) 
and the heat absorbed on h e a t i n g i s 
( 5 ) 
Combination of equations 1,2, and 3 g i v e s the d i f f e r e n t i a l equation 
4 S = F 
The s o l u t i o n s acre 
and 
or V T - f ^ ana T,-T, . , , = 4 k £ 
where • G.p i s the heat c a p a c i t y of the saiirnle and C.̂  the heat c a p a c i t y 
of the r e f e r e n c e . The DTA thermogram i s a p l o t of the d i f f e r e n t i a l 
temperature AT="£f. — 'T v e r s u s block temperature T^. S u b t r a c t i n g 
the second s o l u t i o n f o r the r e f e r e n c e and sample temperatures to 
obtain the d i f f e r e n t i a l temperature v;e get 
remains f i n i t e over the e n t i r e temperature region of a 
d i f f u s e t r a n s i t i o n of enthalpy change. 
or 
R 
/ ^ ^ ^ ^ * ^ Cp'Urp-AT,) 
The terra added to the i n t e g r a l a r i s e s from the d i f f e r e n t r a t e s of 
heatin g of sample and r e f e r e n c e h o l d e r s . T h i s term approaches 
zero i f a f t e r the t r a n s i t i o n the same baseline l e v e l i s reached. 
F i g u r e 2 r e p r e s e n t s the d i f f u s e enthalpy change. 
if- A 
Nig. 2 
The equation f o r the enthalpy change i n a sharp t r a n s i t i o n , i l l u s t -







The f i r s t , term i n the equation d e f i n e s the d.iagonallq/ shaded area 
i n F i g . 3, the second term,defines the unshaded area under the 
l i n e a r p o r t i o n of the peak, and the t h i r d term i s a c o r r e c t i o n - f o r 
the d i f f e r e n c e s i n h e c t i n g r a t e between sample and r e f e r e n c e . The 
cross hatched area under the exponential decay p o r t i o n of the peak 
i s given hy 
Area 
d t 
Figure 3 i m p l i e s the heat c a p a c i t y , G of the sample i s constant 
P J 
because the b a s e l i n e i s the same before and a f t e r tlie t r a n s i t i o n . The enthalpy change f o r the e n t i r e t r a n s i t i o n then i s : 
- \ < peak area above "baseline^ 
w 
I l l ExTjerimental TecliniQues: 
Enthalpy change c a l c u l a t i -'ns r e q u i r e c a r e f u l peak area deter-
rcinuations. Not a l l of the are a enclosed hy the peak i s due to a 
change i n enthalpy. P a r t of the are a i s due to decay of the t h e r -
mal gradient produced w h i t h i n the sample as a r e s u l t of the endo-
thermlc or exothermic t r a n s i t i o n . S e v e r a l methods are a v a i l a b l e 
f o r determination of pe-k area due to thermal t r ' - n i s i t i o n s . Simple 
t r i a n g u l a t i o n of t-\ peak has been suggested ( 2 ) . 
V.laere A i s the a r e a , l i the peak height and ^ the peak width a t 
two-fiGth height. 
S p e i l ex. a l . ( 3 ) described the are a enclosed by the d i f f e r e n -
t i a l curve, of the l i i n d shovm i n F i g . 4 by using a geometrical shape 
constant,g, and the thermal c o n d u c t i v i t y of the sample, k. 
AT 
f \gote 4. 
me 
Where M i s the mass of the sample and A\-\e heat of r e a c t i o n or 
t r a n s i t i o n . I t i s assumed there i s no temperat ure gradient i n 
the sample, and the peak area, i s independent of heat c a p a c i t y of 
the sample. I t i s a l s o ; .ossihle to me;:,sure the peak a rea from tlie 
b eginning of the t r a n s i t i o n up to the point where the thermal decay 
8 
region hegins. With t h i s i n mind Ypld ( 4 ) suggested the lollov/ing 
g r a p h i c a l method of enS'-^plrj determination: 
Where 0 i s the heat c a n a c i t Y of samnle c e l l , a n d contents,!, the s 
f r a c t i o n of sample transformed a t the time constant and 
A t the d i f f e r e n t i a l temperature a t the peak maximum as shovm ' max 
i n f i g . 5 . 
Ftqore 5 
lime. 
At the hegi^ning of the peak AT^O aM i : = O . A T r i s e s to ATTax 
during the t r a n s i t i o n . A p l o t of \cx^(TFAlTax) versus time begin-
ning at the top of the peak gives a curve vdiich becomes l i n e a r at 
the end of the t r a n s i t i o n and g i v e s a value f o r the time at v R l c h 
the t r a n s i t i o n i s completed. From t h i s , a r e a under the peak corre-
ponding to the enthalpy change i s defined. The heat capacit;^ of 
the sample i s that of tl;.e c e l l plus t l i a t of the tr^onsformed 
.amount of sample plus t h a t of the untransforned amount of sample 
so the lieat c a p a c i t y of the sample does change dui£ing a t r a n s -
i t i o n . However, C,̂  can he kept p r a c t i c a l l y consnant by adding 
am i n e r t d i l u e n t ( a s alu.minum oxide) tp the sample. I f the 
d i l u e n t has a lower C than the sample, g r e a t e r peak areas 
r e s u l t than i f tne d i l u e n t has a l i i g h e r C^. A l s o , i f the thereml 
conductivitjL of the d i l u e n t i s g r e a t e r than t h a t of the s-mple. 
the peak area i s g r e a t e r than i f i(t i s l e s s than than • 
sample. A t y p i c a l p:j,ot a f t e r Void i s shov/n i n F i g . 6. 
' ^ f " 
Rqure 6. 
The v - l u e of t ' i s the time on the DTA thernogrami corresponding to 
the end of the t r a n s i t i o n and t h e r e f o r e t h e ' time beyond v/hich any 
area remaining under the peak i s ignored. 
Another inetlod ( 5 ) to determine the p o r t i o n of the area 
enclosed by the t r a n s i t i o n peak to be used i n enthalpy c a l c u l a t i o n s 
i s to simultaneously record the absolute teaperature w i t h the 
d i f f e r e n t i a l ter::perature. F i g . 7 shov/s the r e s u l t . 
The breaks i n the slope of tne absolute sanple temperature c o r r e -
sponding to a change i n define the l i m i t s between v/hich the 
t r a n s i t i o n occurs. The r e s u l t s of these methods are not of high 
p r e c i s i o n , hut are c a l c u l a t e d independently of any e m p i r i c a l c a l -
i b r a t i o n . 
The determination of the g l a s s t r a n s i t i o n of a polymer i s 
p o s s i b l e by d i f f e r e n t i a l thermal a n a l y s i s . Since the g l a s s t r a n s -
itj.on i n t e r v a l i s c h a r a c t e r i z e d hy a change i n heat c a p a c i t y , the 
s h i f t i n h a s e l i n e at the T i s observed on the DTA thermogram of 
the polqmer. 
A q u a l i t a t i v e a p p l i c a t i o n of d i r e c t i n t e r e s t i s the s i f * i u l t a -
neous preparation and c h a r a c t e r i z a t i o n by melting point of an 
organic d e r i v a t i v e . The high v o l a t i l i t y of some organics makes 
them d i f f u l t to handle ir. such s m a l l q u a n t i t i e s as r e q u i r e d by this 
Instrument. One met'e:od of handling these compounds i s to d i l u t e 
them w i t h aluminur; oxide. 
The DTA i n s t r u ^ n n t i s an e x c e l l e n t t o o l to study solid, s t a t e 
r e a c t i o n s . Catechol i ? known to form a complex w i t h a s a l t of ' 
b o r i c a c i d i n s o l u t i o n , . b u t t h i s r e a c t i o n may a l s o occur w i t h b o r i c 
a c i d i n the s o l i d s t a t e . 
Heat c a p a c i t y a t a constant pressure (9^) i s a l s o r e a d i l y 
obtained from D'"A data. The method described by David ( 6 ) again 
i n v o l v e s tlie e v a l u a t i o n of b a s e l i n e s h i f t s . The erethalny change 
of the sample i s p r o p o r t i o n a l to the area under the DTA peak at "the 
t r s n i s i t i o n temperature: 
VJhere i s a heat t r a n s f e r constant deter-;.ined by e m p i r i c a l c a l i -
b r a t i o n . An enthalpy change i s defined by the equation, 
... ... ................. _ . . ̂  - I I 
where m i s the sample mass. -k. 
S u b s t i t u t i n g f o r dH the equation can he w r i t t e n ; 
and s o l v i n g f o r the heat caTiacitjT-, 
On t i e DTA thermogr^m both the peak area omd the sample temperature 
are time dependent. I n t r o d u c i n g time as a v a r i a b l e and applying 
the chain r u l e the equation f o r can be w r i t t e n : 
Now dt/dT i s a c t u a l l j L the r e c i p r o c a l of the heating r a t e Hr, 
= d l 
a t 
A l s o , the r a t e of change of peakarea w i t h respect to time on a 
time-based s t r i p c hart recorder depends on the c l i a r t speed (R : 
Where AT i s the d i f f e r e n t i a l sample temperature a t a given sample 
temperature and B i s tlie b a s e l i n e v a l v e f o r the "no-sample" 
s i t u a t i o n . Making these s u b s t i t u t i o n s i n t o the equation f o r C 
we get, p 
Here m, I£ and (R are ex p e r i m e n t a l l y set and A T and B are deter- , 
mined from the r e s u l t i n g thermogram. The heat t r a n s f e r constant, 
, can he evaluated using c a l o r i m e t r i c standards. 
Whexx the enthalpy of f u s i o n , f o r example, i s known f o r a standard, 
, can be deterriiined by; 
A 
where ni^is the mass of the standard and A the area under the peak 
a t the t r a n s i t i o n temperature. I f R i s to be used to c a l c u l a t e C 
the c a l o r i m e t r i c standard must be run under i d e n t i c a l experimental 
conditions a n t i c i p a t e d f o r the sample whose C i s to be determined. 
The methods f o r determi" ing the c o r r e c t e d peak area mentioned 
e a r l i e r are a l s o a p p l i c a b l e here. 
Another method avoiding »{ e n t i r e l y i s possib-le by using spec-
i f i c heat standards. J u s t as f o r the sample, an equation f o r of 
a standard can be w r i t t e n : 
(£)(RUTiBl , 
Where a l l the terms have the same meaning before, but primed where 
appropriate, to r e f e r to t'le s t i n d a r d . I f the coraparable equation 
d i v i d e d hy t r i s equation we get: 
^ A T - B l ^/ 
f o r the samnle C It 
P 
C p - m 
T h i s eauation has the a d d i t i o n a l advantage t h a t i t i s a l s o independ-
ent of heating r a t e . I n the instrument used'in t h i s p r o j e c t the 
heating r a t e i s not e x a c t l y l i n e a r , but i s r e p r o d u c i b l e . Again, 
the standard and sample must be run under i d e n t i c a l c o n d i t i o n s . 













By t h i s method a value of f o u the sanple w i t h a p r a c t i c a l l e v e l 
of accuracy car. he q u i c k l y determined at anqr temperature w i t h i n the 
range of the tiiermogram. The u n i t s of l A F B 1 are arh i t r a r q r and can 
conveniently be u n i t s of length as centimeters. The b a s e l i n e i s 
determined by running the DTA w i t h aluminum oxide r e f e r e n c e i n 




l Y Instrument Design 
The design of t h i s instrument i s not f a r removed from t h a t of 
the many commercially a v a i l a b l e DTA instruments, but s i n c e the 
components are not modular, o f f e r s great v e r s a t i l i t y . . The heat—-
block i s a m o d i f i c a t i o n of t h a t described by Chip ( 7 ) , and i s con-
s t r u c t e d of an aluminum rod 0.75 i n . in.diameter, cand 3 i n . long, 
d r i l l e d to accept the c a r t r i d g e heater (3/8 i n . diam, 1 1/8 i n . l o n g ) . 
Holes are d r i l l e d s ymmetrically about the aluminum c y l i n d e r a x i s 
to accept standard melting point c a p i l l a r i e s cut to a length of 
1 1/8 i n . The block i s then supported i n s o f t f i r e b r i c k which i s 
mounted on an asbestos base. Copper tubing and standard f i t t i n g s 
are nrovided to permit evacuation or dynamic c o n t r o l of the atmos-
phere w i t h i n the b e l l j a r i n v e r t e d over the beating block. The 
copper tuhes are positioned so one of theg may serve to blow £iir 
over the block d i r e c t l y :C'or rappd cooling, and tne other positioned 
directlqr over the heating block,'to draw o f f evolved vapors f o r gas 
chromatographic or even mass spectrograpliic a n a l y s i s . 
The DuPont Chromel-Alurael thermocouples are a v a i l a b l e v/ith an 
exposed j u n c t i o n and ceramic sleeve approximately 1 i n . long above 
tlie j u n c t i o n . The d e s i r a b l e s m a l l sairiple s i z e used i n the g l a s s 
c a p i l l a r i e s c a r r i e s the u n d e s i r a b l e property of the i n c r e a s e d 
e f f e c t s of s u r f a c e t e n s i o n . l i q u i d samples tend to creep up 
around the long ceramic sleeve along the w a l l s of the c a p i l l a r y 
and are displaried by t}:e volume of the s l e e v e . I t appears a con-
ve'jient and r a t h e r s e n s i t i v e thermocouple can be constructed from 
these thermocouples hy c r a c k i n g o f f the ceraq-ic sleeve l e a v i n g 
only 1/8 to i i n . length behind exposing the j u n c t i o n and i t s 
leads f o r a d i s t a n c e of approximately 3/4 i n . above the j u n c t i o n . 
The sr.;all reiiiaining s e c t i o n of c e r a n i c s l e e v e s t i l l permits 
c e n t e r i n g of the thermoconple and g r e a t l y decreases tlie volume 
displacement of the thormocouple j u n c t i o n . A l l w i r e s t r a n s f e r r i n g 
15 
the thermocouples i ^ o t e n t i a l s are -shielded ca l i l e to e l i m i n a t e ex-
traneous p o t e n t i a l s . . .  ' 
Power i s supplied to the c a r t r i d g e heater through the power-
s t a t . The r a t e of heating f o r any p a r t i c u l a r powerstat s e t t i n g 
i s not l i n e a r so o. set of c a l i b r a t i o n curves must be recorded. 
These curves are determined by measuring the change i n thermal 
emf between the h e a t i n g block aluminum oxide r e f e r e n c e thermo-
couple and the thermocouple i n the e x t e r n a l i c e bath. T h i s 
p o t e n t i a l i s s u f f i c i e n t l 3 i l a r g e to be recorded unamplified on a. 
lOmv f u l l s c a l e r e c o r d e r T h e taper plugs on leads number 10 and 
13 (the longest two of the four leads from the cable connector) 
are connected d i r e c i f y r to the recorder. The r e s u l t i n g p lot i s 
p o t e n t i a l ( i n m i a l i v o l t s ) v e r s u s time. The accuracjr of DTA work 
i s such t h a t the T)aper on the recorder should he c a l i o r a t e d w i t h a 
zener voltage r e f e r e n c e source, hut the i n d i v i d u a l tliermocouples 
need not he c a k i b r a t e d . The temperature of the h e a t i n g ikock a t 
a given time i s then determined hj tlie f o l l o w i n g equation: 
corrected rav output (mv outpait frora c a l i l ) . c u r v e )4-
(mv corresponding to room temperature). 
bliere the corrected mv output can he looked up i n a t a b l e of 
•chromel-alumel thermocou.ple emf's ( 8 ) . Whenever c a l i b r a t i o n i s 
done the room temperature must he accurm.telj'' known because the 
heater w i l l run from ambient to the maxiraum programmed teraperature, 
I f the h e a t i n g r a t ? a t a given temperature must he known, as i n the 
c a l c u l a t i o n of F ^ ) , the slope of the c a l i b r a t i o n curve can be c a l -
c u lated Dj drawing a tangent to the curve a t the d e s i r e d temper-
ature ( o r t i m e ) . .This i s the only procedure f o r w i c h an i c e 
hath i s necessary. R e p r o d u c i b i l i t y of the h e a t i n g r a t e s f o r 
v a r i o u s powerstat s e t t i n g s f o r a given r e f e r e n c e and sample 
thermocouple georaetvj appeal's to be good. The most i i s e f u l power-
s e t t i n g s are 45, 50, 60, and 70. Chart spepd f o r calibra'..ion i s 
probanlv optimum a t 0.5 or 1 i n . per minute, brit the recording of 
d i f f e r e n t i a l teivperatures appears- to "be optimura at 1 or 2 i n . per 
minute. ICngwledge of. the chart speed, i s of course e s s e n t i a l f o r 
any DTA run, hut s p e c i a l care must he ta,ken v/hen using t r a n s i t i o n 
peak areas f o r c a l c u l a t i o n s a g a i n s t a standard, suhstance traaas-
i t i o n peak. Here the DTA instrument s e t t i n g s ijiust he i d e r r t i c a l . 
Douhling the chart speed v / i l l not, f o r example, double the peak 
a r e a . 
Recording the d i f f e r e n t i a l temperature r e q u i r e s tlie use of, the 
a m p l i f i e r system. A m p l i f i e r s t a b i l i t y i s a major c o n s i d e r a t i o n , 
especiallj'- f o r q u a n t i t a t i v e work. Since t r i o d e and t r a n s i s t o r , A . C . 
a m p l i f i e r s are voltage a m p l i f i e r s the^'" are d i r e c t l j L a p p l i c a b l e , 
however, the input sigmn.! i s B.C. T h i s D.C. s i g n a l i s then f i r s t 
f e d . i n t o a chopper which chops the D.C. s i g n a l to a square wave 
A.C. s i g n a l . The square wave A.C. i s then o j n p l i f i e d lij a t r a n s i s -
t o r stereo preamp and chopped back to D.C. T h i s s i g n a l i s then 
recorded. The chopper i s supplied w i t h 6.5v. A.C. a t 60 liz from 
the regulated power supply. The vacuum teibe voltraeter i s e l e c t r i -
c a l l ; / placed between the a m p l i f i e r output and the recorder to 
r e g u l a t e the s e n s i t i v i t y and zero adjustment. The meter on the 
/—N 
VT,̂ VM i s convenient f o r system tr o u h l e - s h o o t i n g . To record the 
d i f f e r e n t i a l temperature between tlie block sample and aluminum 
oxide r e f e r e n c e thermocouples leads 16 and 19 ( t h e s n o r t e r two 
of the four leads from the cable connector) are plugged i n t o the 
input side of the chopper a m p l i f i e r . The output s i g n a l i s tapped 
o f f the chopper and run to the YTYM which i n t u r n i s connected to 
the recorder. For a l l but q u a n t i t a t i v e work a 15 minute warm-up 
period i s u s t i a l l y adequate. But when h a s e l i n e d r i f t must he min-
imized the a m p l i f i e r system should he allovied to warm-up and 
tei.iperature s t a h i l i z e .for 30 minutes, The wiri'hg Q'i t h i s i n s t r u -
ment produces a p o s i t i v e h a s e l i n e d e f l e c t i o n f o r an endothermic 
t r a n s i t i o n . a n d a negative b a s e l i n e d e f l e c t i o n f o r an exothermic 
t r a n s i t i o n . I t i s reco:::iiiended t h a t .this instrument be set up a t 
a l o c a t i o n d i a t a n t from 0.113'- strong A.C. source or sparking motors 
17 
•which may superimpose noise on the thermogram. Other i n t e r m i t t e n t 
l a r g e pov/er consumption instruments as thermostated heaters or com-
pre s s o r s men/ suddenly d e f l e c t the h a s e l i n e when thej^ are cj^cled on 
or o f f . 
:: An acceptable D.C. o p e r a t i o n a l a m p l i f i e r c i r c u i t has been 
sug,";ested(9), but the 10-pin op. amp. i s apparently no longer on 
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Y Instrument Operation /-
The YTYM, re g u l a t e d power supply, t r a n s i s t o r a m p l i f i e r , and 
recorder , a l l draw 115"v. 60HB l i n e v o l t a g e . 
The r e g u l a t e d power supply and t r a n s i s t o r a m p l i f i e r eacli have 
i n d i v i d u a l power sw i t c h e s . The YTYM i s turned on hy s e t t i n g the 
s e l e c t e r s w i tch to D.C. - • s i n c e the a m p l i f i e r has an i n v e r t i n g 
input and w i l l convert the D.C. s i g n a l to a negative D.C. s i g n a l . 
The range s e l e c t e r on the YTYM i s set to 1.5v f o r maximum s e n s i -
t i v i t y ^ . The input to the YTYK i s from the a m p l i f i e r output and 
the output from the YTYM i s to the rec o r d e r . The zero a d j u s t on 
the YTYM can he used as a coarse zero adjustment on the recorder. 
The zero a d j u s t on the recorder i s then used as the f i n e zero 
adjustment f o r the pen. 
The pov/erstat draws 115v 60HK from the sw i t c h o u t l e t on the 
rec o r d e r . The sw i t c h on the powerstat i s l e f t on so t h a t the 
temperature program i s "begun when the c h a r t d r i v e s w i t c h of the 
recor d e r i s turned on. T h i s avoids the n e c e s s i t y of synchronizing 
two switches. The surge of c u r r e n t to the powerstat causes a r a p i 
d e f l e c t i o n of the recorder pen and marks the beginning of the pro-
gram on the c h a r t paper. V/hen the thermogram i s completed, turning 
the chart d r i v e o f f stops the temperature program. 
The d i f f e r e n t i a l temperature i s recorded d i r e c t l y from the 
output of the chop;per a m p l i f i e r with l e a d 16 connected to the 
yel l o w thermocouple lead and l e a d 17 to the red thermocouple 
l e a d . To record the absolute sample temperature interchange 
leads 16 and 17 on the sarqple thermocoupJ.e. T h i s c o n s t a n t l y 
i n c r e a s i n g s i g n a l i s , by v i r t u e j o f the design of the instrument, 
fed through the a m p l i f i e r even though i t s magnitude i s consider-
a b l y higher than t h a t of the d i f f e n t i a l teqinerature. As a r e s u l t 
the recorder w i l l i n v a r i a b l y run over range. 1'fiien t h i s happens 
iidie pen can he returned to a convenient p o s i t i o n "by a d j u s t i n g the 
zero potentiometer on t i e YTYM.-
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NOTE t. -to record absdoie 
Aterch-ancj^?. ieadis 
l(o and \ on the 
v/hen the absolute sample tempex'ature i s being recorded t q 
determine the a r e a under a peak r e l a t e d to an enthalpy change, 
i t should he arranged by proper adjustment of the VTYM zero 
potenticrneter f o r the pen to remain on s c a l e during the time 
i n t e r v a l i n which the enthalpy change occurs. T h i s w i l l permit 
v i s u a l i z a t i o n of the break i n slope a t tlie beginning and end of 
the enthalpy change. The recordings of the absolute sample 
temperature and d i f f e r e n t i a l temperature may be superimposed by 
backing up the chart paper a f t e r the d i f f e r e n t i a l temperature 
t r a c e and a l i g n i n g the s t a r t i n g point w i t h the pen before begin-
n i n g the absolute sample teraperature t r a c e . 
20 
Y I Experimental R e s u l t s 
The c a l i b r a t i o n curves of the block heating r a t e are recorded 
by measuring the p o t e n t i a l d i f f e r e n c e between the alumina r e f e r e n c e 
thermocouple i n the h e a t i n g hlock and the thermocouple i n the 
e x t e r n a l i c e hath. Since t h i s i s on the order of m i l l i v o l t s no 
a m p l i f i c a t i o n i s necessary. The c a l i b r a t i o n curves f o r v a r i o u s 
s e t t i n g of the powerstat are shown i n Thermogram 1 . 
The instantaneous h e a t i n g r a t e a t a given temperature can be 
determined from the slope of a l i n e tangent to the c a l i b r a t i o n 
curve a t the temperature d e s i r e d . A l t l c u g h a l l of the c g l c u l a t i o n s 
i n t h i s s e c t i o n v/ere done us i n g these c a l i b r a t i o n curves, i t should 
be p o s s i b l e to i n c r e a s e the l e n g t h of the l i n e a r segment of the 
c a l i b r a t i o n curves by u s i n g an aluminum h e a t i n g block 1.5 inches 
long, r a t h e r tban the present 5 i n c i t e s . T h i s w i l l a l l c v / the e n t i r e 
h e a t i n g block to r e s t i n s i d e the f i r e b r i c k i n s u l a t o r of the DTA c e l l 
and cut down on the thermal l o s s from tlie exposed p o r t i o n of the 
present b e s t i n g block. 
Since the temperature prograra i s begun a t room temperature i t 
i s necessary to c o r r e c t the m i l l i v o l t output read from the cm-ve 
f o r t h a t a t room temperature. The curves i n Thermogram 1 were 
recorded a t a room temperature of 27.8°C. Prom chromel-alumel . 
thermocouple c a l i b r a t i o n t a b l e s ( 8 ) t l i i s corresponds to 1.112mv, 
The f o l l o w i n g formula then a p p l i e s to Thermogram 1 : 
corrected mv. o u t p u t — mv. read from curve 4- 1.112mv 
The corrected m i l l i v o l t output can then be converted to temperature 
u s i n g the same thermocouple c a l i b r a t i o n t a b l e . 
The portion of the thermogram of copper s u l f a t e pentahydrate 
below 200°C i s sJ'own i n Thermogram 2, The r e a c t i o n s a s s o c i a t e d w i t h 
each peak are as f o l l o w s ( l O ) : 
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The samples of copper s u l f a t e pentaVAdrate, ground i n a mortar and 
p e s t l e , v/ere run a t four heating r a t e s to show the e f f e c t of heat-
ing r a t e on peak r e s o l u t i o n . The extreme s h i f t s i n the p o s i t i o n s 
of the peaks are due to the time-hssed r g t h e r than temperature-
hased x - a x i s of the recorder. I n theory, the^peak area and p o s i t i o n 
on a - tempe]?ature-hysed recorder sliould be independent of k e a t i n g 
r a t e . I n p r a c t i c e , however, there i s a c e r t a i n dependence on hea t -
ing r a t e due to .the h e a t - s i n k p r o p e r t i e s of the sample hulder and 
heat capacitjr d i f f e r e n c e s hetween the sample and re f e r e n c e h o l d e r s . 
The r e a c t i o n s occuring i n tlie thermogram of copper s u l f a t e 
pentah3yd.rate are a l l endothermic and are recorded as a p o s i t i v e 
b a s e l i n e d e f l e c t i o n . An exothermic t r a n s i t i o n v/ould then be record-
ed as a negative b a s e l i n e d e f l e c t i o n . Although t h i s convention i s 
used i n a l l of the f o l l o w i n g thermograms, most commercial i n s t r u -
ments use the- Dpqjosite convention. I t would be p o s s i b l e to re v e r s e 
the l i a s e l i n e d e f l e c t i o n s to f o l l o w commercial convention by i n t e r -
changing le-'ds 16 and 19 from the DTA c e l l . 
A convenient use of d i f f e r e n t i a l thermal a n a l y s i s i s the r a p i d 
determination of the g l a s s t r a n s i t i o n temperature of a polymer. 
Glass t r a n s i t i o n occurs a t the te msrature where the i n d i v i d u a l 
pbljmier chains acquire enough k i n e t i c energy to f r e e l y cbange 
t h e i r conformations. The r e s u l t i s a change i n the a b i l i t j ' of the 
pol3rmer to tr'.nsfer heat, o i a change i n t'iLe heat capt/city of the 
polymer. On a DSA thermogram the positi-on of the b a s e l i n e r e f l e c t s 
the magnitude of the lieat c a p a c i t y of the sample. So when the 
g l a s s t r a n s i t i o n occurs and the heat c a p a c i t y of the polymer 
changes the "baseline of the thermogram v / i l l s h i f t . The s h i f t can 
he s u b t l e and the heati n g r a t e and ch a r t speed must be set so the 
t r a n s i t i o n does not occur too r a p i d l y , otherwise i t may be mis-
taken f o r instrument n o i s e . The optimal k e a t i n g r a t e a.ppears to 
correspond to a p o w e r . s t a t . s e t t i n g of 50 and the optimum c h a r t speed 
f o r r e c o r d i n g i s 1 in./min. 
Thermogram 3 shows the g l a s s t r a n s i t i o n f o r p o l y s t y r e n e , 
poly ( v i n y l a l c o h o l ) , and two grades of polymetliymethacrylate (DuPont). 
The r e s u l t s are shown i n Table 1 . 
t'xpenfoeotel 13 UteTatocs ' 
PcAg Sm a\cdno\ 7 °k 7>S8^ 
poFtne-R^medn^cr^ate. 3\h/3o4°K 5\8-3,28"(< 
T h i s i s one of the a p u l i c a t i o n s f o r which the instrument should be 
allowed to v/arra-up and s t a b i l i z e . T h i s w i l l decrease the b a s e l i n e 
noise.. When looking f o r a b a s e l i n e s h i f t , f o l l o w the course of the 
ba s e l i n e f o r a d i s t a n c e . A s h i f t due to noise u s u a l l y v / i l l sh.ift 
back up to i t s o r i g i n a l p o s i t i o n w h i l e a t r u e b a s e l i n e s h i f t v / i l l 
remain a t a p o s i t i o n d i f f e r e n t from the o r i g i n a l . 
B o r i c a c i d i s known to form a complex w i t h c a t e c h o l i n s o l u t i o n . 
T h i s or a s i m i l a r r e a c t i o n may a l s o take place i n the s o l i d s t a t e . 
The method was to run both o r t h o - b o r i c " a c i d and ca t e c h o l i n d i v i d u a l l y 
and'then a 1:2 s t o i c h i o m e t r i c mixture. Thermogram.4 shows these 
three r e c o r d i n g s . " . . 
The - endotherm a t 115.5°C on the catec b n l tbiermograra i s the melt-
i n g peak. Ortho-boric a c i d f i r s t melts a t 168.5°C, and then l o s e s 
water to form HBO2 a t 180.5°C, I f a r e a c t i o n occurs between the 
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ca,tecliol and ort-.o-boric racid to iprm a b o r i c estG;r, v/a,ter w i l l b? 
an 
given o f f and there should beAexotherm i n d i c a t i n g r e a c t i o n . A l s o , 
i f the r e s u l t i n g mixture i s cooled and re r u n , t:\ere shou.ld be only 
a n e l t i n g endotherm of the b o r i c e s t e r . I n r e a l t y the thermogram 
of the s t o i c h i o r a e t r i c mixture shows two peaks; an,endotherm a t 
92.8°C and a broad endotherm.beginning at 133.8°C, and having a 
maximum a t approximately 152.8°C. I t appears t h i s mixture remains 
a phgLsical m.ixture and does not r e a c t . I n a d d i t i o n , when the m.ix-
t u r e i s cooled and rerun the same thermogram r e s u l t s v/ith a s h o r t -
ening of the Ir-oad endotherm at 152.8°C. The s h i f t of the endo-
therms to lower temperatures i s a r e s u l t of molal f r e e z i n g point 
depression. 
The process was repeated using sodium metahorate t e t r a h y d r a t e , 
4-nethylcatecliOl and an approximate 1:1 mixture of the tv/o. 
Thermogram 5 shows these r e c o r d i n g s . Per these runs a la j ^ e r of 
aluminum oxide v/as placed over the con'oents of the sample c a p i l l -
a r y to prevent l o s s of sample due to water b o i l - o v e r . Again, the 
4-methycatechol sliows a Pi e l t i n g endotherm. The sodium metahorate 
t e t r a h y d r a t e melts, at 57°C and l o s e s water a t 120°C producing tv/o 
endotherms. Again, a r e a c t i o n i n the mixture should be evidenced 
by an.exotherm and the e v o l u t i o n of more water, but t - i s does not 
occur. I n f r a r e d s p e c t r a of the mixture taken "before and a f t e r the 
DTA run a l s o seem to i n d i c a t e no r e a c t i o n has occured. The endo-
therm s of the mixture are ago.in s h i f t e d to lower temperatures due 
to the e f f e c t of molal f r e e z i n g point depression. 
Turning to more q u a n t i t a t i v e a p p l i c a t i o n s the enthalpy of a 
t r a n s i t i o n can r e a d i l y be determined by d i f f e r e n t i a l thermal a n a l -
y s i s . The change i n enthalpy/ during a t r a n s i t i o n i s proportiona,! 
to the area under the peak corresponding to the t r a n s i t i o n . . ' • • 
The constant of p r o p o r t i o n a l i t y i s i t s e l f a f u n c t i o n of the 
instrument c h a r a c t e r i s t i c s and can be determined by c a l i b r a t i o n 
w i t h a primary c a l o r i m e t r i c standard using the s'me conditions 

24 
under v/hich the sample i s to he run. A convenient c a l o r i m e t i - i c 
s tandarci i s h en z o i c a c i d. 
The p o r t i o n of the t o t a l peak area r e s u l t i n g from tlie change 
i n enthalpy can now be measured hy e i t h e r the absolute sample 
temperature method or Void'? method. Thermogram shov/s the, 
d i f f e r e n t i a l temperature, A, and aosolute sample temperature,B, 
recordings f o r c a l o r i m e t r i c grade benzoic a c i d . 
The peak occuring a t 120.5°C corresponds to the melting point. 
of benzoic a c i d (m.p.122.4^0). The superimposed absolute sample 
temperature recording sliows a break i n slope a t 3.65 minutes and 
again at 4.2 5 minutes i n t o the run. The p o r t i o n of the t o t a l 
peak area l y i n g w i t h i n t h i s time i n t e r y a l i s the portion used to 
c a l c u l a t e the p r o p o r t i o n a l i t y constant, c a l l e d the heat t r a n s f e r 
c o e f f i c i e n t , f o r t h i s p a r t i c u l a r DTA c e l l . I n p r a c t i c e the p o r t i o n 
of the peak "between these two l i m i t s was c a r e f u l l y cut out and 
v/eigbed to determine the enclosed a r e a . 
Void's method begins measuring the peak area at the time the 
recorder pen begins departure from b a s e l i n e . The l i m i t l^eyond which 
the peak area i s no longer used I n the c a l c u l a t i o n s i s determined 
from the, p l o t s f log ( A T " A \  v e r s u s t i n e . , Begije:''h.ng at the 
peak maximum, AFia>,J the d i f f e r e n t i a l temperat ure, A F > i s c a l c u l a t e d 
a X ong the descending slope of the peak as i t decays to ho.seline. 
The data c o l l e c t e d from Thermogram 3A i s shov/n i n Ta ble 2 and 
p l o t t e d i n f i g u r e 10. 
Table 2. 
^Wx ^ ''N0.5"C t4/q4mv) 
Time (minQ mV \oĉ  {IST~ AFax) 
4.225 3.00 opl 
4.25 5 . 0 2 )22.25 0.24 
4,30 5.05 ilA.O 0.40 
4.325 5 „oe 123.'75 os\ 
4 - 3 5 5..\
4.40 545 a s . 5 0.70 
4 . 4 5 5 P 5 0 ..78 
4.50 5 .22 127.25 0 - 8 5 
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f r o n the p l o t of log (AT-AF-ab) v e r s u s time the curve departs from 
l i n e a r i t y a t 4.34 minutes i n t o the run. So the por t i o n of the 
peak area from the he g i r n i n g of the peak up to 4.34 minutes i n t o 
the run i s used to c a l c u l a t e the heat t r a n s f e r c o e f f i c i e n t . 
Depending on the nature of t5ie t r a n s i t i o n the r a t e of decay to 
h a s e l i n e may be r a p i d and steep. As a r e s u l t i t may be d i f f i c u l t 
to a c c u r a t e l y read enough points from the tbermogram to mLike a good 
p l o t . Since the absolute sample temperature metbod i s r a p i d and 
e a s i e r than Void's method f o r the melting of benzoic a c i d , i t v/as 
used to determine the heat t r a n s f e r c o e f f i c i e n t . 
, The thermogr?;,m used to determine the lieat t r a n s f e r c o e f f i c i e n t , 
, provided the foi i e v ' i n g data: 
rnass oP benzoic ac iB m \(od2 T0C3 
peak area , AF = 0.44-2 m^ 
Then v| i s given by: 
)nr> AVj (lfc.2mr^M33.%qwicil/m4'' 
Ah Cm 44ZAn^' 
using the l i t e r a t u r e ( l i ) value of 33.89 cal/gra f o r the heat f u s i o n 
of benzoic a c i d . S t e a r i c a c i d and p a l m i t i c a c i d ( p r a c t i c a l grade) 
v/ere tiien run to deteralne 1d:eir heats of f u s i o n from the eouation: 
A H 




F \A42 m:ai / 
mlmy) AA (fnA 
rz.e> 0.484 
\5.4 0 . 4 4 7 
\
CabobteA AV\ L i F r a F r e AU^ 
47.0 csyAm 47. 5 4 ca\/gm 
4G.\m h R l B c-d\/gYn 
Since "baseline s- i f t s i n d i s a t e a change i n heat c a p a c i t y of the 
sanple i t s l o u l d be p o s s i b l e to measure the heat capacity^. The 
theory developed i n the Experimental Techniques s e c t i o n i n d i c a t e s 
t h a t t h i s i s indeed p o s s i b l e . The ipethgd i s to c a l c u l a t e , as 
before and hnowing the,heating r a t e , I£, the ch a r t speed, (R, , and 
the mass of the sample, m , determine the d i f f e r e n c e i n "baseline , 
between the no-sample s i t u a t i o n , B , and t h a t v/ith sample present, 
A T 0 The equation r e l a t i n g these parameters to the heat c a p a c i t y 
a t constant pressure a t a given temperature i s : 
Tiiermogram 7 s'-ows the dif-''erence i n h a s e l i n e . f o r a 2 5 . 0 mg 
sample of deipnized water,.one minute i n t o the run, at a temper-
ature of 4 1 ° G , the b a s e l i n e d i f f e r e n c e |4T-B| i s 0 . 2 0 5 inches. 
Applying the ecpiation: 
1 2 4 W F ^ F . 0.2051. = 0.=»8 «lA„.^ 
The powerstat v/as s et 70. Prom the ca l i " b r a t i o n curve, v/hich f o r 
t.his poq/erstat s e t t i n g i s l i n e a r f o r the f i r s t 2.5 minutes i n t o 
the run, the slope i s 20.7*^0 per minute wbich i s I£. One and one-
h a l f minutes i n t o the run, a t a temperature of 5 7 0, the ba s e l i n e 
s h i f t i s 0 . 2 0 9 i n c h e s . T h i s gives a value of 1.00 cal/gm°G f o r the 
heat c a p a c i t y . The data and r e s u l t s are summarized i n Table 4 : 
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O^qqeo/eal/cpyF 
As long as g r e a t accuracy i s not needed, the DTA tl"j.erraogra,m can 
provide heat. ca;pacity v a l u e s of a sample a t a wide v a r i e t y of 
temperatures, 
28 
V I I Future Studies 
The q u a n t i t a t i v e a ] ' p l i c a t i o n s of d i f f e r e n t i a l thermal a n a l y s i s 
are many and v a r i e d . The methods of enthalpy determina,tion can he 
used to measure the heat of r e a c t i o n , r a t e constants and frequency 
f a c t o r s i n k i n e t i c s s t u d i e s . DTA methods can a.LSO he applied to 
the determination of the heat of adsorption on c a t a l y s t s u r f a c e s 
and the c o n s t r u c t i o n of phase diagrams. As a l i t e r a t u r e search 
w i l l r e v e a l many q u a n t i t a t i v e a^ethods have been attempted w i t h DTA, 
But as the demands on the system i n c r e a s e the instrument must be 
made correspondingly more s o p h i s t i c a t e d . Both m o d i f i c a t i o n of the 
e l e c t r o n i c c i r c u i t r y and redesign of tlie'heating' 'block and thermo-
couple mounting may be necessary "before more subtle q u a n t i t a t i v e 
measurements can be made. 
The r e a l f r o n t i e r of d i f f e r e n t i a l thermal a n a l y s i s seems to 
be i n the f i e l d of a n a l y t i c a l chemistry. These q u a l i t a t i v e a p p l i c a -
mbions include w e l l documented s t u d i e s as e f f e c t s of polymer cure, 
c r y s t a l t r a n s i t i o n s i n s o l i d s and n a t u r e , r a t e and products of 
cliemical decaraposition. But DTA i s a t o o l w e l l s u i t e d f o r the 
study of s o l i d s t a t e r e a c t i o n s and p y r o s y n t h e s i s which ca,n be 
c a r r i e d out under a c o n t r o l l e d atmosphere or i n a closed system 
where the thermocouple j u n c t i o n and s/mple are sealed together i n 
a g l a s s c a p i l l a r y . 
Keeping i n mind t h a t the g l a s s transimion i n t e r v a l v/as consid-
ered an instrument a r t i f a c t by e a r l y workers i n DTA because i t 
i n v o l v e d a b a s e l i n e s h i f t r a t h e r than an enthalpy caange, i t seems 
tlie l i m i t s to the' a p p l i c a t i o n s of DTA are s e t only by the operators 
imagination. 
Appendix 
Altliougli the chopper a m p l i f i e r w i t h f i x e d gain i s s a t i s f a c t o r y , 
a g r e a t e r a m p l i f i c a t i o n i s p o s s i b l e without the chopper c i r c u i t by 
using,a model 741C o p e r a t i o n a l a m p l i f i e r . T h i s a m p l i f i e r , shown 
below, i s s e t i n t o a c i r c u i t so t h a t i t i s p o s s i b l e to plug the 
outputs from the d i f f e r e n t i a l temperature thermocouples and from 
the block toiiiperature thermocoup-les i n t o the same u n i t . The d e s i r e d 









Coramercia,!- P a r t s L i s t 
C a r t ridge Heater; 55 w a t t , 9.1" l e a d s , DuPont #900269-901. 
Thermocouples; Chromel-Alumel, 5 . 5 i n c h e s , DuPont #900301. 
Powerstat; Superior E l e c t r i c Gompanjq BP124201, type 126. 
AG A m p l i f i e r ; Shure Brothers Incorporated, Stereo pre-arnp. 
Chopper; Oak Manufacturing Compiany, type 14454. 
Regulated Power Supply; General Radio Company, type 1201-B 
or Heath, Model E U ¥ - 1 5 . 
Vacuum Tuhe Voltmeter; Heath, Model Em/-24. 
Servo Loop Recorder; Mclee-Pedersen,Instruments, KP-1027, 
lOmv f s . o r e q u i v a l e n t . 
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